Knowing when, where, and why food quality limits herbivore growth and reproduction is the core question in nutritional ecology. We investigated dietary threshold concentrations of polyunsaturated fatty acids (PUFAs) for the herbivorous zooplankter Daphnia pulex when fed the cyanobacterium Microcystis aeruginosa or the green algae Scenedesmus obliquus. Phosphatidylcholine liposomes were used to supplement diets with arachidonic acid (ARA, 20:4ω6), stearidonic acid (SDA, 18:4ω3), or eicosapentaenoic acid (EPA, 20:5ω3) at concentrations (per mg carbon) ranging from 0.04 to 10 µg (mg C) −1
Introduction
Lipids have long been recognized as important for cladoceran nutrition, both for energy storage Hornig 1980, Tessier and Goulden 1982) and as a determinant of food quality (Ahlgren et al. 1990 ). Müller-Navarra (1995a) provided evidence for a polyunsaturated fatty acid (PUFA) limitation hypothesis by showing a strong correlation between lake seston eicosapentaenoic acid (EPA) concentrations and Daphnia somatic growth.
Early PUFA supplementation tests found that supplementing cyanobacteria and green algae with PUFA-rich emulsions improved the growth of Daphnia (DeMott and Müller-Navarra 1997, Weers and Gulati 1997) . PUFAs have functional roles in many aspects of animal physiology, including the structure of cell membranes, hormone regulation, and immune system functionality (Sargent et al. 1995) . PUFAs with unsaturated bonds in the ω3 or ω6 positions are considered essential for animals because they can only be synthesized de novo by plants (Vance and Vance 1985) . In a review of the early research on this topic, Brett and Müller-Navarra (1997) concluded that PUFAs may be key nutritional constituents of zooplankton diets and may determine energetic efficiency across the plant-animal interface, secondary production, and the strength of trophic coupling in aquatic pelagic food webs. An important unresolved question in this research area is the PUFA threshold concentration above which somatic growth and egg production is saturated relative to fatty acid availability, and how this threshold compares to the availability of PUFAs in natural seston.
EPA (20:5ω3), stearidonic acid (SDA, 18:4ω3) , and arachidonic acid (ARA, 20:4ω6) are commonly considered important dietary constituents for Daphnia. EPA has been shown to have direct effects on Daphnia somatic growth and egg production in laboratory supplementation experiments (Ravet et al. 2003, Ravet and . SDA is a precursor to EPA and has been shown to be used by Daphnia for the production of EPA (Von Elert 2002) . Von Elert (2002) also suggested that Daphnia are able to elongate and desaturate α-linolenic acid (α-LA, 18:3ω3) to EPA and may retroconvert docosahexaenoic acid (DHA, 22:6ω3) to EPA. ARA, like EPA, is a critical precursor to the eicosanoid class of hormones that have been linked to the immunomodulatory effects of PUFAs (Calder 2001) . In addition to its role as an eicosanoid precursor, ARA has been linked to reproduction in aquaculture fish (Bruce et al. 1999, Bell and Sargent 2003) . Field and laboratory investigations indicate ARA is preferentially accumulated by Daphnia in proportions that can be several times higher than the relative content of this PUFA in their diets (Kainz et al. 2004 , Persson and Vrede 2006 , Ravet et al. 2010 , Taipale et al. 2011 . ARA is typically strongly enriched in Daphnia relative to their diets, suggesting it may have a previously undocumented role in Daphnia nutrition (Kainz et al. 2004 , Taipale et al. 2011 however, Von Elert (2002) did not observe beneficial effects of ARA supplementation on Daphnia galeata somatic growth.
While many studies have demonstrated the importance of PUFAs in Daphnia nutrition, few studies have addressed the minimum threshold concentrations that meet Daphnia dietary demands for PUFAs. Müller-Navarra (1995a) reported that the EPA threshold for Daphnia galeata that were fed natural seston from mesotrophic Lake Schöhsee was approximately 0.8 µg EPA (L) −1 . Müller-Navarra et al. (2000) found that Daphnia magna experienced a significant decline in somatic growth and egg production when the relative EPA content of seston collected from hypereutrophic Stonegate Pond dropped below 3 µg EPA per mg carbon (mg C) −1 . In contrast, Becker and Boersma (2005) reported the EPA threshold for Daphnia magna growth was only 0.04 µg (mg C) −1 in direct supplementation experiments. Because this EPA concentration is substantially below that typically observed in nature, Becker and Boersma's results suggest Daphnia dietary EPA limitation may never occur outside a laboratory setting. Recently, Sperfeld and Wacker (2011) concluded that Daphnia EPA saturation thresholds were approximately 2-5 µg EPA (mg C) −1 , but also varied with temperature and dietary cholesterol availability. The wide range of EPA thresholds reported in these studies suggests Daphnia dietary EPA limitation is either common in nature (Müller-Navarra et al. 2000, Sperfeld and Wacker 2011) or, alternatively, almost never occurs (Becker and Boersma, 2005) ; this paradox was the subject of a recent debate Boersma 2010, Brett 2010) .
This study was designed to test the hypothesis that Daphnia pulex growth and reproduction is saturated relative to EPA demands at extremely low concentrations, such as 0.04 µg EPA (mg C) −1 as indicated by Becker and Boersma (2010) . This study also tested the hypotheses that dietary PUFA thresholds are the same for different phytoplankton taxa, and that somatic growth and egg production have similar PUFA demands. We conducted 6 flow-through feeding experiments where D. pulex were fed diets consisting of either Microcystis or Scenedesmus supplemented with 0.04-10 µg PUFA (mg C) −1 . We also developed an empirical model relating D. pulex growth and reproduction to the dietary EPA:C ratio. This EPA:C growth model should improve our understanding of when and where EPA limitation is likely to occur in natural systems containing D. pulex.
Methods

Zooplankton and phytoplankton cultures
These experiments were conducted using a clone of Daphnia pulex originally isolated from Clear Lake, California (USA). Daphnia stock cultures were maintained on the green alga Scenedesmus obliquus in a growth chamber with a constant temperature of 18 °C and a 14 h:10 h light: dark cycle. Two phytoplankton monocultures, one cyanophyte (Microcystis aeruginosa 979 obtained from the University of Texas culture collection), and one chlorophyte (Scenedesmus obliquus obtained from the Max Planck Institute for Limnology) were maintained on L16 growth medium (Lindström 1983) supplemented with earth extract. The Microcystis monoculture used for these experiments was unicellular. Phytoplankton food treatments were prepared at a concentration of 2.0 mg L −1 phytoplankton dry weight. Phytoplankton biomass was measured daily using total Threshold dietary polyunsaturated fatty acid concentrations for D. pulex growth and reporduction Inland Waters (2012) 2, pp. 199-209 suspended solids determination in which 250 mL of each culture was filtered onto preweighed Whatman GF/F filters (0.7 µm), dried for 2 h at 85 ºC, and weighed after cooling. Dry weights were converted to carbon units assuming conversion factors of 0.47 and 0.54 (C/dry wt) for cyanobacteria and chlorophytes, respectively (Reynolds 1984) .
Experimental design and sampling protocol
Flow-through experiments were conducted in a 200 L aquarium equipped with 24 partially submerged 120 mL growth chambers. All growth experiments were conducted at a temperature of 18 °C and a 14 h:10 h light: dark cycle. A peristaltic pump was used to supply PUFA-supplemented phytoplankton food mixtures to the Daphnia at a rate of 1.2 L day −1 per chamber. Food treatments were prepared fresh daily. Sixteen hours prior to the start of each experiment, egg-bearing Daphnia were separated from stock cultures and placed into separate 1 L flasks with S. obliquus as food. At the beginning of each experiment, neonates from this ≈8-hour-old cohort were randomly selected and transferred to one of the 120 mL chambers. Eight neonates were placed in each chamber, and the chambers were provided a constant flow for each of the dietary treatments. The first experiment (i.e., Scenedesmus supplemented with EPA) used 8 EPA supplementation treatments, with 3 replicates each. The subsequent 5 experiments used 12 treatments with 2 replicates each. A subsample of approximately 20-30 neonates was simultaneously dried and weighed on a Cahn Microbalance (Model #C33) for the initial neonate biomass estimate. Each experiment lasted 7-10 d depending on phytoplankton diet, which was the amount of time required for the daphnids to produce their first clutch. During the primiparous instar, Daphnia were collected, measured individually for length and clutch size (eggs per individual) under a microscope, and then dried (48 h in a desiccator) and weighed to obtain the average individual weight per replicate. Somatic growth rates (g) were calculated accordingly:
where Wi is the initial animal weight, Wt is the final weight, and t is the duration of each experiment in days. Phosphatidylcholine liposomes (Sigma sterile pyrogen free preliposome formulation 5) were formulated and loaded with the different PUFAs in accordance with the liposome encapsulation methods described in Ravet et al. (2003) . Free form EPA, SDA, and ARA supplements were purchased from Sigma and stored at −20 ºC under vacuum seal prior to the experiments. Samples from the phytoplankton food treatments were collected on day 5 of each experiment by filtering onto precombusted Whatman GF/F filters and storing at −80 ºC prior to fatty acid extraction.
Fatty acid analyses
Fatty acids were extracted and methylated according to Kattner and Fricke (1986) . Fatty acid methyl esters were analyzed with a gas chromatograph (HP6890) equipped with a programmable temperature vaporization injector, a fused silica capillary column (DB-WAX, J&W Scientific; 30 m × 0.32 mm with 0.25 µm film thickness), and a flame ionization detector. We injected 5 µL of sample and used helium as the carrier gas. The temperature program applied was as follows: 40 ºC held for 5 min, then heated at 10 ºC/min to 150 ºC, held for 5 min, then heated at 1 ºC/ min to 220 ºC where it was held for 20 min. Individual fatty acids were identified based on the retention times of fatty acid methyl ester standards (Sigma, Supelco, and Alltech) dissolved in n-hexane. Quantification was performed with an internal standard (21:0) and quantitative mixes (Alltech) to calculate response factors for each fatty acid analyzed.
Statistical analyses
We tested for growth rate and egg production differences between the 2 highest PUFA supplementation levels in each experiment, ≈4 and 10 mg EPA (mg C) −1 , using 2-sample t-tests (Snedecor and Cochran 1989) assuming unequal variance in the sample groups; in all cases the 2 highest PUFA treatments were not significantly different at α = 0.05. Functional responses were determined by generating empirical models of the classic MichaelisMenten form:
where µ ASYM equals the average growth rate or reproduction in the asymptotic region, EPA/C represents the relative EPA content of the phytoplankton, and K 0.5 represents the EPA concentration that yields one-half the maximum potential response. The best-fit half-saturation coefficient (K 0.5 ) for this model was determined by fitting the data to a Michaelis-Menten function in SPSS. We then used these models to algebraically determine when growth and egg production declined 10% relative to the asymptotic averages to obtain 90% production saturation thresholds. To test whether the dietary thresholds depended on the diet (Microcystis or Scenedesmus) or the response metric (i.e., growth or reproduction) for the EPA supplementation experiments, we took the K 0.5 values estimated from SPSS and then created a pseudo dataset with the same means, variability, and degrees of freedom as obtained from the individual comparisons and conducted a 2-factor ANOVA.
EPA growth model
To generate an overall relationship for our experimental results between Daphnia somatic growth rate and dietary EPA content, we developed an empirical model based on the combined results from the Microcystis and Scenedesmus experiments. We normalized all data to the average growth or reproduction for the 2 highest PUFA levels in each experiment. The normalized growth and reproduction rates were then fit to a model of the form:
Normalized growth and reproduction rate = (EPA/C)/ (K 0.5 + EPA/C).
Uncertainty (±1 SE) for this model was also calculated by bootstrapping (Efron and Gong 1983) the normalized values with replacement (n = 100).
Results
Fatty acid supplements
The fatty acid compositions of the phytoplankton monocultures used for these experiments (Table 1) indicate that the Microcystis culture used for these experiments had a high proportion of the saturated fatty acid (SAFA) 16:0 and moderately high proportions of the C 18 PUFAs 18:3ω6, 18:3ω3, and 18:2ω6. Scenedesmus had a high proportion of the PUFA 18:3ω3 and moderately high proportions of the C 16 PUFA 16:4ω3, the C 18 PUFA 18:2ω6, and the SAFA 16:0 (Table 1) . Based on the PUFA concentrations in the food treatments measured on day 5 of each experiment (Table 2) , we generally tended to slightly undershoot the PUFA targets in the Microcystis treatments and slightly overshoot the PUFA targets in the Scenedesmus treatments. Our Scenedesmus culture was observed to have a background SDA concentration of ≈0.6 mg (mg C) −1 , which shifted all actual concentrations upward; however, background EPA and ARA were not measured in either phytoplankton culture.
PUFA threshold concentrations
When fed Scenedesmus (Fig. 1) , the Daphnia dietary EPA threshold concentration (defined as a 10% decline relative to saturation) was observed to be 0.3 and 1.5 mg EPA (mg C) −1 for somatic growth rate and clutch size, respectively (Table 3) . When fed Microcystis, Daphnia had an EPA growth threshold of 1.2 mg EPA (mg C) −1 and an egg production threshold of 2.2 mg EPA (mg C) −1 (Fig. 1) . Daphnia that were fed Microcystis also grew much slower and produced fewer eggs than Daphnia that were fed Scenedesmus. SDA supplementation did not have a significant effect on Daphnia growth; however, egg production declined when dietary SDA concentrations were <3.0 and 3.5 µg SDA (mg C) −1 for the Microcystis and Scenedesmus food treatments, respectively (Fig. 2) . Supplementation with ARA had no effect on Daphnia somatic growth or reproduction (Fig. 3) . The ANOVA results for the 50% saturation thresholds obtained for the EPA supplementation experiments (Table 3) showed the phytoplankton diet used did not significantly affect the saturation threshold value (P = 0.06), although these results also suggest diet may have been important. Egg production had higher saturation thresholds than growth for both diets (P = 0.01). The interaction term for diet (Microcystis or Scenedesmus) by response (growth or reproduction) was insignificant (P = 0.81). . Concentrations that were below the detection limits of the instrument are labeled as nondetect "n.d.". The "-" symbol represents PUFA concentration treatments not used in the first experiment. The target and actual measured concentrations matched well in log-space (R 2 = 0.95). 
EPA growth model
The normalized growth and reproduction rates for Daphnia that were fed Microcystis or Scenedesmus, with dietary EPA concentrations ranging from 0 to 9.2 μg EPA (mg C) −1 , yielded the following relationship:
Normalized production = (EPA/C)/(0.15 + EPA/C), R 2 = 0.72, n = 40.
The bootstrapped 50% growth threshold for this EPA model was 0.15 ± 0.03 μg EPA (mg C) −1 . This overall Daphnia EPA response model was depicted in log-space (Fig. 4) .
Discussion
Our study showed EPA supplementation improved Daphnia pulex growth and reproduction, SDA supplementation improved reproduction, and ARA supplementation had no effect on Daphnia growth and reproduction. The lack of an ARA nutritional response is particularly curious because several studies have shown ARA is strongly accumulated by freshwater zooplankton relative to their diets (Kainz et al. 2004 , Persson and Vrede 2006 , Ravet et al. 2010 , Taipale et al. 2011 ). This outcome is paradoxical and raises the question of why ARA accumulation is so efficient (Kainz et al. 2004 ) if it is not a limiting resource. Perhaps both diets used in these experiments were non-ideal for testing the nutritional importance of ARA supplementation because they contained moderately high levels of C 18 ω6 PUFAs. Taipale et al. (2011) recently concluded, however, that Daphnia magna synthesized ARA much more efficiently from the retroconversion of long-chain precursors than from the elongation and desaturation of short-chain precursors. For example, when fed a Cryptomonas diet with 3.0% 22:5ω6 and no ARA, Daphnia magna accumulated 3.5% ARA and no 22:5ω6 in their total fatty acid pool. Conversely, when fed a Scenedesmus diet with a high 18:2ω6 content (i.e., 15.1%) but no ARA or 22:5ω6, Daphnia magna accumulated little ARA in their total fatty acids. The quandary between ARA accumulation and limitation warrants further research. −1 ] defined as a classic Michaelis-Menten half-saturation constant and as a 10% reduction relative to the corresponding asymptotic somatic growth and egg production rates. An entry of (-) indicates that a significant threshold was not observed for that case. Uncertainty (± 1 SE) was calculated in SPSS and by Bootstrapping the normalized values (n = 100) with replacement (Efron and Gong 1983 The C 18 ω3 PUFA SDA enhanced Daphnia reproduction in both diets. Our research indicates that no prior study has directly tested the nutritional importance of SDA using supplementation experiments. Recently Masclaux et al. (2009) concluded SDA and EPA may be particularly important for Daphnia production, especially at lower water temperatures. In particular, Masclaux et al. (2009) concluded SDA and EPA limitation constrained cladoceran growth and reproduction far more at 12 and 15 °C than at 20 or 25 °C. By comparison, our experiments were all conducted at 18 °C, which suggests we might have observed stronger ω3 PUFA limitation had we run our experiments at lower temperatures and weaker limitation had we run our experiments at higher temperatures.
The results of the present study indicate that the dietary EPA half-saturation threshold for Daphnia pulex is in the range of 0.04-0.14 µg EPA (mg C) −1 for somatic growth rate and 0.17-0.25 µg EPA (mg C) −1 for egg production (Table 3) . These results and those of the ANOVA show that Daphnia reproduction is more EPA-intensive than is somatic growth. This inference is further supported by the fact that SDA supplementation improved egg production but did not affect growth rates for both food types. Higher reproduction demands for EPA are consistent with the results of Wacker and Martin-Creuzburg (2007) who compared the FA composition of Daphnia magna somatic tissues and subitaneous eggs and found EPA was 2.4 times more enriched in eggs than in somatic tissues. These authors suggested Daphnia enrich their eggs with EPA as a buffer against low food quality cyanobacteria blooms. As previously suggested by Sargent et al. (1995) for juvenile fish, essential fatty acids may play an especially important role during early development. Scenedesmus (Table 1) may have partially compensated for the lack of EPA in this phytoplankter. Like other cyanobacteria, Microcystis is probably also deficient in nutritionally important sterols (Von Elert et al. 2003 , Martin-Creuzburg et al. 2005 , Sperfeld and Wacker 2011 . Interestingly, supplementing Microcystis with high levels of EPA improved growth and reproduction in this diet to levels that were almost as high as in Scenedemus supplemented with low levels of EPA.
The Daphnia growth responses poorly fit a hypothesized Type II Holling response (Holling 1959) at the lowest EPA supplementation levels in the Scenedesmus diet. In particular, the control Scenedesmus treatment had considerably better growth than expected for this functional response (see Fig. 1 and the outlier observation in Fig. 4) ; however, the control treatment growth rate was similar to typical Daphnia growth rates in unsuppleDaphnia that consumed Microcystis had EPA half-saturation thresholds of 0.14-0.25 µg EPA (mg C) −1 , whereas Daphnia that consumed Scenedesmus had threshold EPA concentrations of 0.04-0.17 µg EPA (mg C) −1 (Table 3) . These growth thresholds were not significantly different, but the differences between these means were large enough to suggest the type of food consumed might also influence these thresholds. Irrespective of the half-saturation thresholds, Daphnia that consumed Scenedesmus grew much faster and produced considerably more eggs than individuals that consumed Microcystis. This general food quality difference was independent of our PUFA supplementation and suggests biochemical factors other than EPA play important roles in the food quality difference between Scenedesmus and Microcystis. For example, the high α-linolenic acid (18:3ω3) and SDA content of mented Scenedesmus diets , Brett 2010 . This poorly predicted growth at the lowest EPA supplementation levels was not due to a lack of a response to the EPA additions, but rather to a functional response that may have been better characterized as a Type III (sigmoid) Holling response (Holling 1959) . For example, the Scenedesmus EPA supplementation treatments that received <0.5 µg EPA (mg C) −1 had an average growth rate of 0.34 ± 0.07 d −1 , whereas the treatments that received >0.7 µg EPA (mg C) −1 had an average growth rate of 0.48 ± 0.05, and this difference was highly significant (P = 0.0001). The high levels of C 18 ω3 PUFAs in Scenedesmus may partially ameliorate the absence of EPA in this alga, but at high EPA supplementation levels this effect may be overridden by direct EPA availability. Becker and Boersma (2005) reported that D. magna somatic growth was saturated at EPA concentrations >0.04 µg (mg C) −1 . Coincidentally, our calculated EPA half-saturation for Daphnia growth was also 0.04 ± 0.03 µg (mg C) −1 when they consumed Scenedesmus. Becker and Boersma (2005) concluded, however, that adding EPA beyond this level had no effect on Daphnia growth, and our results showed considerable additional growth could be realized by adding more EPA to Daphnia diets.
Because a "no effect" threshold is fundamentally different from a classic Michaelis-Menten half-saturation threshold, we also algebraically converted our half-saturation threshold to a 90% production saturation threshold to be more similar to other threshold constructs in the zooplankton nutritional ecology literature. This suggested Daphnia growth and reproduction demands for EPA will be almost entirely met when their diets contain 1.3 ± 0.3 µg EPA (mg C) −1 . Similarly, Sperfeld and Wacker (2011) recently also reported a 90% EPA growth saturation threshold fit to a Michaelis-Menten functional response. These authors concluded the 90% response occurred at 2.0-4.9 µg EPA (mg C) −1 but tended toward the higher end at lower temperatures (i.e., 10 °C) and the lower end when dietary cholesterol was readily available.
In an effort to put Müller-Navarra et al. (2000), Becker and Boersma (2005) , and Sperfeld and Wacker's (2011) EPA thresholds into a broader ecological context, we compared their findings relative to the compilation (n = 30) of published EPA:C ratios presented in Persson et al. (2007) . This collection of field observations represents seston EPA:C ratios from a range of temperate and subalpine lakes and has a mean ratio of 1.8 µg EPA (mg C) −1 . According to the Daphnia EPA threshold of 3 µg EPA (mg C) −1 suggested by the results of Müller-Navarra et al. (2000), approximately 87% of these natural systems would be to varying degrees EPA limited. In contrast, Becker and Boersma's (2005) reported EPA threshold of 0.04 µg (mg C) −1 would indicate that none of these systems would have EPA-limited conditions for Daphnia. Our EPA threshold model predicts that the EPA threshold limitation level for Daphnia is intermediate to the thresholds reported in the 2 earlier studies; however, our 90% EPA threshold was 35-fold higher than that reported by Becker and Boersma (2005) , but only one-half that suggested by the results of Müller-Navarra et al. (2000) and Sperfeld and Wacker (2011) . An EPA 90% production threshold of 1.3 ± 0.3 µg EPA (mg C) −1 suggests EPA-limited Daphnia growth may occur in ≈40% of lakes for which Persson et al. (2007) compiled seston EPA to carbon ratios. As noted by Persson et al. (2007) and implied by the results of Müller-Navarra et al. (2004) , however, many eutrophic lakes are likely to have low EPA:C ratios, and EPA limitation is therefore quite likely to occur in these lakes. Becker and Boersma (2010) noted that some Daphnia species might be able to synthesize EPA and ARA from 18 carbon-chain precursor FAs. Taipale et al. (2011) conducted diet-switching experiments with 13 C labelled Cryptomonas and Scenedesmus, which showed a clone of Daphnia magna may be able to synthesize small amounts of EPA and ARA from short-chain precursors (i.e., 18:3ω3 and 18:4ω3, and 18:2ω6, respectively). In the case of EPA, however, direct dietary sources led to much higher accumulation. For example, EPA accounted for 13.5% of the FAs in Cryptomonas and 18.5% of the FAs in Daphnia that consumed Cryptomonas. By comparison, 18:3ω3 and 18:4ω3 accounted for 49.0% of the FAs in Scenedesmus, but Daphnia magna that consumed Scenedesmus had <1% EPA. As previously noted, Taipale et al. (2011) also showed that retroconversion from a long-chain precursor was an efficient mechanism for ARA synthesis. Because EPA and ARA bioconversion utilizes similar enzymatic pathways, this also suggests that retroconversion of DHA may be an efficient EPA synthesis pathway in Daphnia.
The actual dietary PUFA thresholds Daphnia encounter in nature probably depend on a variety of factors such as the zooplankton species being studied, dietary phosphorus availability , food availability (Persson et al. 2007 ), temperature (Masclaux et al. 2009) , or other biochemical variables (e.g., sterols and amino acids) that are intrinsically different between the major phytoplankton taxa (MartinCreuzburg et al. 2005, Sperfeld and Wacker 2011) . In particular, the trophic state of lakes may dramatically impact which resources constrain herbivorous zooplankton production because trophic state affects phytoplankton community composition (Downing et al. 2001) and the biochemical composition of the seston (Müller-Navarra et al. 2004 , Persson et al. 2007 . Our data also indicate EPA thresholds are higher for reproduction than for somatic growth. The overall Daphnia functional response model between EPA availability and normalized growth and reproduction provides a framework for predicting EPA limitation in natural lake systems. We believe that a model of this type is a practical first step toward investigating when and where dietary EPA limitation is likely to occur in aquatic ecosystems. Our findings suggest that EPA-limited Daphnia pulex growth and reproduction may be common in cyanobacteria-dominated eutrophic lakes.
